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Introduction

Tntroduction

Radiance provides excellenti basis for implementation of additional methods
and algorithms for complex lighting calculations

Not easy: iio master - novice users give it up easily

fFor' complex calculations:
s Scripts - flexible but not easy to undersiand and change by typical user

s GUL based tools - adapted for specific calculations, not so flexible, but
understandable for typical users. Examples: Daysim, Ecotect, IES module
VE, falsecolor2

Most ofiGUI tools extend classic Radiance calculations: additional analysis
and presentation of Radiance results, dynamic calculations, energy
consumption calculations etc.
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Introduction

De Luminae

De Luminae - consultancy and research in naturalland artificial lighting, its
impact on energy savings and comiort of inferior and urban ambiances.

We have been working on various research and commercial projects in
France, in the field of daylighting and sustainable architecture.

To calculate buildings’ static and dynamic daylight: performances, we use
numerous Radiance-based soffware fools.

We develop GUI based tools, for various phasesi of Radiance analysis:
input data preparation, execution of Radiance calculations and results
analysis.

All'our:tools are written in Python (wxPython) and C.

We distribute software under GPL Open Source license on our site
www.deluminaelab.com
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Introduction

Architectural project

Architectural design isia process, where level of future building details
is gradually’increased: from idea and firsi sketch, through basic
project designiand detailed project phase, to building construction,
usage and maintenance.

As project evolves, definition and calculationiof various daylighting
performances of the future building become possible.

Radiance and additional tools can follow: architectural project ineach
phase and give adequate resulis and their interpretation.

Analysis and visual presentation of results enables better
communication between lighting specialists and clients.
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Certivea

Certivea and HEQ labels

High Environmental Quality (HEQ) - French national certification label
defined by Certivéa institute for residential and non-residential buildings:
hottels, schools, residential buildings, offices, health centers, ete.

The system identifies 14 environmental targets:

s Site and Eco-construction: relation between the building and'its
immediate surroundings; integrated choice off products and construction
materials; low-impact construction site

Eco-management: energy, watier and activity waste:management,
maintenance-environmental performance conservation
Comfort: hygrethermal comfort, acoustic comfort, lighting, odors
Health: sanitary quality of spaces, indoor air quality, sanitary water
quality
Three levels of performance are defined for each target: basic, good, and
very good.

Minimal requirements: “very good” rating for at least three issues, "good"
for at least four and “basic” for no more than seven.
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Certivea

HEQ) daylighting

HE® daylighting = Daylight factor
fFor each intierior space, a zone is idenftified covering a surface from the

facades o a given limit distance in the interior space. Inside that zone,
daylight factiors must reach defined levels

Label name Conditions
Basic DF >= 1.5% in 80% inside the zone for 80% of all spaces

Good DF >= 2% in 80% inside the zone for 80% of all spaces
DF >= 1.5% in 80% of the remaining 20% of the spaces

Very good DF >= 2.5% in 80% inside the zone for 80% of all spaces
DF >= 1.5% in 80% of the remaining 20% of the spaces
DF >= 0.7% in 90% of the spaces

It has its limits and can be criticized butias the immense advantage fo exist
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Introduction. -~ Cerfivéa, - Case Study. - ArchitecturallProject: - Conclusion

Case study - project descripiion

Offiice building North of Paris
Tower +4 small buildings

Calculations performed for 19 floor
(72m from ground'level)
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Case Stiudy

Case study - project description

s Architects proposed building envelope made of metal mesh;, with
additional verticall tiranslucent light shelves for sun protection and
horizonital curved specular shelves for light redirection intio the building
interior. These sun protections and mesh are designed in front of east,
west and souiih facades.

N
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Introduction. -~ Cerfivéa, - Case Study. - ArchitecturallProject: - Conclusion

Case study - calculatiedivalues

Level of project details

Calculated value

Software

Site description + building basic
geometry and position

Shadow paths

RadSunpath

Facade geometry with few sun
protection alternatives defined

Exposure to direct sun

SunExposure

Basic inside geometry + basic
materials (gray reflectance values)
+ few sun protection alternatives
with materials defined

Daylight factor and HEQ
labels

Radiance (dayfact script) +
RadDisplay (false color
images, comparison of
alternatives, HEQ
calculations)

Materials details are specified +
typical view points (work planes
positions)

Visual comfort + contrasts

Radiance + RadDisplay

Occupation profiles and user
behavior

Annual calculations
(illuminance profile, daylight
autonomy, etc)

Paclight
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Architectural Project

Architectural project: skefich phase

Decisions made in early project phasesiregarding daylighting strategy,
have greaf influence on final daylighir ambiance.
Calculationsiperformed in later project phases, alihough potentially
more accurate, can only be used to describe buildihg ambiance, since
alteration of building geometiry. and materials is far harder and more
expensive thaniin'earlier phases.

In sketch phase of a building design, only site characteristics
(geomeiiry, climatie, landscape) and global envelope geometry are
defined, without facade and inside area details.

What can-be calculated?

s Shadow paths - calculate impact of the future building on natural
lightiing of surrounding areas,

= Sun exposure - calculate availability of direct sun onithe facades.

09/21/2010 Progressive evaluation of daylight ambiance in architectural De Luminae
projects with Radiance




Architectural Project

Shadow. paths

Impact of tiower on shadows of surrounding area: 4 smaller buildings in
the project complex and existing buildings.

Calculate with RadSunpath program

A | o PR T o
- ‘ e N - g *
21 June 16:00 , | 21 June 19:00 ! ‘t

Shadows for 2 time moments during summer solstice: 4PM and 7PM.
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Introduction. -~ Cerfivéa, ~ Case Study. - ArchitecturallProject: - Conclusion

Shadow: pathsi- RadSunpath

RadSunpath - enable easier sun and shadows path calculation and
visualization with Radiance.

Program creaties a set of Radiahce images! fior a project, for selected
view, date and time step, and include them into final gif animation file
which represeniis the sun and shadows path during the selecied date.

Developed SketchUp plugin for import intio RadSunpath, with help of
Thomas Bleicher. W preview diowe X

unpath - F:\data_radiance\WP\radiance\vp_26_08_2010.rsp
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Architectural Project

SunExposure

Sun exposure - number of hours during some time period, when direct
sunlight strikes building facades ; dynamic calculation

According to World Meteorological Organization, direct sun:is visible on the
sky.if direct normal irradiance of the sky is above 120W/m2.

Sun exposure for facades, can be calculated during early phases of a
building design, andi influences important decisions related fo, building
lighting and thermal strategies:

Selectiion of facade materials

Position of windows on the facades

Areas, of the-building for passive solar heating -“greenhouse effect”
Evaluate the efficiency of sun protections, potential risks of overheat
Parts of the building which need special sun protection to avoid glare
Best places for photovoltaic cells

Areas of the facade that should be insulated to,prevent overheating or
over-cooling of the building.
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Architectural Project

SunExposure

SunExposure - calculates sun exposure off sensors on building facades.
Lt enables fast lighting calculations: ih early phases of the desigh.

Inpuit: building and environment geometry, weather data file'and facade
surfaces (polygons in Radiance format),

Calculations: Program generaties; sensor points on the facades and
calculates if sensors are exposed tio direct sunlight or not, for each
hour during one year period.

Additional calculations: incident angle of the direct sunlight onto facade
surfaces. These results are used as a criteria for estimation ofisun
penetiration-depth into the building interior.

Output: textual file with results summary for each season and year
period, and also images with resulis presented in false colors.

SunExposure is officially not released, since program GUI is still under
constiruction.
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Architectural

SunExposure

L SunExposure - C:\Documents and Settings\Marija\Application Data\SunExposurelproje. .. [Z] @
5 e

7

name

uniik:

EN fi

Edit file

-]

Summer | Summer | Summer | Summer | Autum &
sunset[h] | total[h] | verage[l sunrise[h] | sunset[h] | _total[l

| \Mrijal APPLIC1; vp_testl ] un l

09/21/2010 Progressive evaluation of daylight ambiance in architectural
projects with Radiance




Architectural Project

SunExposure results

s Calculatied SunExposure for facade with and without sun protections
s Weather: Paris EPW: file

Impact of sun protections on the south facade, sun protections decrease sun
exposure by approximately 2-3h/day.

*Without protections - direct sunlight approx 5.34 h/day during summer
*With protections - direct sunlight is between 2.5 andl 3.5h/day.
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Architectural Project

SunExposure results

= Sun Exposure canibe calculated even for facades without any galzing
and' protection details

Continual or grid false color representation of SunExpoesure results
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Architectural Project

Architectural project:
basic preliminary desigh

= Calculations off building interior daylight ambiance - Daylight Factior and
comparison ot HEQ labels requirements

Building outiside andiinside geometry are defined, position and size of
windows' and basic materials’ characteristics are specified. Materials
are defined with tiheir gray reflectance values, and glazing structiure

and transmittance is defined.

Calculate DF with adapted dayfact script and analyze image with
RadDisplay.
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Architectural Project

RadDisplay

RadDisplay - Radiance image viewing and'image analysis with tracing and
false color methods.

fFor' detailed analysis of image pixel values, false coloring isia very
powerful fiool. I isialso a great communicationi ool for technical images
such as/Radiance images.

RadDisplay has'advanced interface for false color scales definition,
user. can set number of colors, precise limits between colors, chose
colors for the palette etc.

If FC palette is adapted for HEQ labels, RadDisplay can be used for
estimation of fulfillment of HEQ requirements.
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Initroduction, - Certivea. - Case Study

¢ Radiance image display

Eile Help

Analyse image | False Colors | Images manipulation |

- Architectural Project - Conclusion

RadDisplay

Recent Images

‘ .01 0%images_resultsiGUTiillum_glow_Zfloor_add_ilum_glove_#floor _lines. pic

Load an Image.

Info image
SOFTWARE:
FORMAT: 32-bit_rle_rgbe

EXPOSURE: 0.0100
WIEWS:
RESOLUTION: -V 282 +1 768

COMMANDS:

df_pic/aroupama-havre_ilum_2 pic:

df_pic/glowz. pict

peomb -e "ro=if{ri{2},ri(2),K{1}); go=if(gi2), iz}, 0it 1));bo=ifthi(2), bi(2),bi(1))" -0
dF _piic/aroupama-havre_ilum_2.pic -0 o picjglowz. pic

df_pic/groupama-havre_illum_2 pic:

df_pic/glowz. pic:

pcomb -8 "va=IF(H(2),H2) T L) go=IF(ait2), git2), ail 1)); bo=iF(Bi(2), Bii23,bif 131" -0

¢ Radiance image display
Eile Help

| Analyse image | False Colors | mages manipulation |

Basic palette definition

Palette type ‘Image based proportional

Color and Scale Manipalation —

(2 Marual scale manipulation
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f Add color ][

Delete calor ]

() Automatic scale manipulation

False Color Options ~

—
Siale Units ;cdfml ~

LDetach paletteJ [De\ete palette ] LOpen palette ] I Sawe palette l

Primitives type |surfaces w2 |

bkl
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SOFTWARE:
FORMAT: 32-bit_rle_rabe

EXPOSURE: 0.0100

]

Show pixel values without exposure and color corrections.,

[ showiimage pixels with extreme walies,
Select values bype

() show radiance values  (2) Shaw luminance valuss

Save aptions

Drap lines

| Coord: Lum; RGB:

(oo | [ | [t ] [sovemr | [ oo ]

| Sawe options

|Courd 1793, 14 Lum, i 19312.422

] [ oe | [eece | [ || e [ o ]
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Architectural Project

DE resulis

= Metallwalking area around the building on each floor below windows, for windows
washing and maintenance off metal mesh and suni protections.

Radismee ¥ a_top_floor final 51Z FC.jpyl “Ra £loor_final 512_FC.jpg] Bendisnoe inaye:

000 59

Protection | No walking area Grid walking area Reflective walking area
>1 % 100% 100% 100%
>1,5% 100% 100% 100%
>2 % 84% 767 74%
>2,5% 67% 60% 597
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Architectural Project

Architiectural project: detailed
preliminary: design

= [0 achieve comfiortable daylight ambiance in'some space various
quantitative and qualitative performances shouldibe achieved.

Visuall comfort requires that lumihance of surfaces within field of vision
is accepttable, and that contrasis are within acceptable ranges, fo avoid
glare occurrence.

Study internal luminance distribution for south oriented office, for two
walking area materials: metal grid material and opaque reflective metal
walking area.
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Introduction. -~ Cerfivéa, ~ Case Study. - ArchitecturallProject: - Conclusion

Luminance resulis

Metal grid walking area Reflective metal walking area

Criteria for comfort/discomfort come from AFE and European Commission
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Architectural Project

Dynamic daylight calculations

Dynamic daylightii calculations shouldibe perfiormed to obtainiinfo about:
real building performance over the time, for specified building site and
weather conditions.

These dynamic performances! like Daylighti Autionomy, Useful Daylight
Illuminance and others can be calculated with Radiance with few
additional tools and methods.

Annuall illuminance profile and daylight autionomy can give us interesting
information about daylighting ambiance and also enable comparison of
various project alternatives.

Calculation methods: Daysim, classic Radiance with rtcontiribrand Ward's
3-phase approach, Paclight
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Architectural Project

Paclight;

PACLBA project- develop set of software toolsi that can calculate
various aspects of building energy: demands and' comfort under the
funding off ANR (Agence Nationale de la'Recherche France)

Paclight- daylight calculation module developed by De Luminae

Takes oni inpuit' building geometry and materials (ih Radiance format),
climate file (in'epw, try, wea or Satel-light: format) and reference
planes definition, and gives on output annual illuminance profile for
specified reference planes.

For specified reference planes and preferable number of sensor points,
Paclight generates rectangular grid or Delaunay: triangular mesh of
sensor points.

Annual illuminance profile is calculated with adapted Daysim algorithm,
where.daylight coefficients are calculated with rtcontrib. Sky
luminance distribution model used in Paclight is Perez sky model, while
DChs humber and position is in accordance with Daysim sky/discretization
scheme.
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Architectural Project

Paclight accuracy

Accuracy: of Paclight in comparison to Daysim and classic Radiance bruiie
force approach has been tested during PACIBA project.

Paclight' andi Daysim give illuminance resulis oif similar'accuracy, withiaverage
error 6 - 97 in comparison to Radiance brute ferce calculation.

Lf compared to constant illuminance threshold, for daylight autionomy or
UDI calculation, both Daysim andi Paclight give similar results, where
differences fo classic Radiance results are firom 1.67 % for 1000]ux
threshold 1o 7.697 for 300lux threshold (onia specific example).

Paclight is'adapted for calculation in parallel threads, which enable shorter
calculation times, without influence on accuracy.

Accelerations-for4 parallel threads:
s Lihux - 3,5-4 almost linear (parallel threads executie with normal
priority)
s Windows - 1.5-3 (low priority of parallel threads makes calculation
slower)
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Architectural Project

Paclight resulis

Calculate andicompare DA for two floor materials with
reflectance 307 and 107%. Other materials: ceiling 807
reflectance and 707, reflectance.

Calculation for east building tower, designedias openh space
offices.

DA values are calculated for 19™ floor, for working hours
between 8AM and 18PM, for illuminance threshold value of

500]ux.

Zone

DA [7%] (floor 30%)

DA [%] (floor 10%) | DDA [7%]

33.18%

23.79%

39.47%

80.91%

80.11%

1.00%

72.34%

69.417%

4.22%

82.68%

81.31%

1.68%

4.93%

1.50%

228.67%

16.64%

3.21%

418.38%

43.93%

34.01%

29.17%

| N([ocjOa|bd|jlw N[+

52.41%

40.65%

28.93%
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Architectural Project

Paclight results

Influence of floor material on' illuminances near the facades is not
significant, but' deeper in the building;it can be rather big.

Beside obvious' recommendation to use brighter floor material, results
suggest betiter organization or electric lighting installation.

The importance of the savings are impressive for architects.

Luminaires and switches should be organized in zones:one zone for
areas near windows where light will be turnedionionly in late afternoon
hours; one zone. for-deeper areas - where light will'be turned on'approx
507 of the time, and third for zones 5 and 6.

Internal zones are supposed to be used as corridors with light
requirements lower than 500Ilux. For threshold illuminance values of
300lux and floor with 10% reflectance, zones 5 and 6 have DA values
19.2% and 30.41%.
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Conclusion

Conclusion

= Daylight ambiance analysis is a process whichi evolves witih the architectural
project.

Daylight' performances calculatied in various phasesiof a project design,
(should)iinfluence oniarchitects decisions relatied fo building (day)lighting
and' energy strategy.

Radiance and additionall tools can follow daylight:analysis throeugh all phases
of architectural project:

s RadSunpath - calculate and visualize sun and' shadows paths during the
day for the project-site

s SunExposure- calculate number of hours when parts of facades are
exposed to direct sunlight, for some time period.

= RadDisplay - analyze radiance images and compare to HEQ
requirements.

s Paclight - Paciba dynamic daylight calculation module; calculate annual
illuminance profile and DA.

09/21/2010 Progressive evaluation of daylight ambiance in architectural De Luminae
projects with Radiance




